We solve the nonlinear porous media equation using lattice Boltzmann for a d1q3 lattice velocity method. We find the equilibrium distribution according to the porous media equation. Also, we use the tanh method in order to find several families of solitary wave solutions. We present results for two colliding solutions, using LB method, which is in agreement with the tanh solution.
Introduction
Diffusion is a common in many research fields in physics, chemistry, biology, finance and ingeneering use their methods and results [1] . A lot of investigation has been made in the theory of nonlinear diffusion equations such as classical methods [2] , nonclassical methods [3] , generalized conditional symmetry [4] nonlocal symmetry method [5] , and the truncated Painleve approach [6] , etc. For a further and deep research on the mathematical properties of porous media equation should be consulted reference [7] , and references therein. Also, in the search for solutions to these complex nonlinear equations, we can find the so called solitary wave solutions. Among them, one of the most knwon and applied is the Tanh method [8] , used in this work.
On the other hand, lattice-Boltzmann (LB) technique is the discretized version of the Boltzmann equation, who responses for the spatio-temporal evolution of the statistical distribution function, which is a quite complex integrodifferential equation. LB over the years has proven its effectiveness and adaptability to find solutions to a large number of problems in physics [9] .
The lattice Boltzmann model
The lattice Boltzmann equation is given by:
The term Ω i (x, t)) represents the B.G.K. approximation, [10] , is:
Where f i (x, t) is the distribution function for particles with velocity e i at position x and time t, and ∆t is the time step. τ is a nondimensional relaxation time, weighting the approacing rate to the statistical equilibrium, and f eq i (x, t) is equilibrium distribution function. Using a unit time given by = δt/e, where e is the velocity discretized on a mesh. Then, the lattice-Boltzmann equation is:
Expanding in a Taylor series, the distribution function, up to order fourth, we have:
Doing a perturbative expansion of the derivatives in time in powers of , we get:
And assuming:
Where the temporal scales are defined as:
And the perturbative expansion in parameter of the temporal derivative operator
Replacing eqs. (5) and (8) in eq. (4), we get at first, second and third order in , respectively, the next set of equations: Then
If we chose D as:
Then eq. (17) is the generalized porous media equation [7] :
The distribution function
We use a d1q3, see figure (2), one-dimensional velocity scheme with e α = {0, c, −c}. Then, the one particle equilibrium distribution function is defined as:
Solitary wave solution
We choose in eq. (19) with m = 2, and n = 4, then:
Using
The derivatives change like:
Now, we apply the tanh method [8] . Then, we introduce an independent variable:
The derivatives of ξ in terms of Y , are:
The solutions are postulated [8] as:
Now, using eqs. (23) and eq. (25) in eq. (21), we get:
The parameter m, in eq. (26), is obtained by the balance of the highest-order linear term with the nonlinear terms in the transformed equations. So, we have:
Then, eq. (26) is:
Grouping the coefficients, in eq (30), in powers of Y i and equating their coeeficients to zero, we get a set of nonlinear equations. Doing some algebra the solutions are:
Using a 1 1,2,3,4 :
Doing the next definitions:
Figure 2: Two colliding functions, eq. (25), using LB method.
We get: 
Conclusions
We solve the general nonlinear porous media equation using lattice-Boltzmann and the Tanh method. Also, we get thirty eight families of solutions using Tanh method. As far as we know, this procedure is totally original and stablishes a contribution to the solution to the porous media equation. As a future work, the model could be extended to two and three dimensions.
